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on DNA synthesis  i n  cultured mammalian c e l l s ,  we have found an e f f e c t  of 

low spec i f ic  a c t i v i t y  radioactive thymidine t h a t  can profoundly confuse 

the  r e s u l t s  of such experimentation. 

synthesis i n  HeLa S3 and Chinese hamster (DFAF-33, furnished t o  us  by 

Dr. G. Yerganian) i s  such t h a t  a p lo t  of the dose'-response y ie lds  a t w o  

component curve In order t o  determine i f  the  s teep component w a s  

The act ion of X-radiation on DNA 

due t o  pool d i lu t ion ,  the e f f e c t  of spec i f ic  a c t i v i t y  was  invest igated.  

Cultures were incubated f o r  f i v e  days before i r r a d i a t i o n  and t h e i r  

I media changed two days before. I r r ad ia t ion  was accomplished with a 300 

KVP, 20 m a  X-ray u n i t  under conditions of minimal s ca t t e r ,  with the  

cu l ture  f l a sks  ro t a t ing  on a turn tab le  during the  i r r ad ia t ion .  

i r r ad ia t ion  t h e  media i n  t he  f l a sks  were removed and replaced with those 

containing t h e  radiosotope( s). 

one hour, a f t e r  &ich the cu l tures  were plunged i n t o  i c e  water, t h e  media 

rapidly removed, the c e l l s  washed twice with buffered sa l ine ,  and incu- 

After  

Incubation with the  t r a c e r  occurred f o r  

bated with i c e  cold 4% perchloric acid f o r  5 minutes. 

were extracted by a modification of the  method of Scot t ,  e t  a1 . The 

DNA contents of t h e  ex t r ac t s  were estimated by measuring the  absorbency 

The nucleic  ac ids  

3 

a t  2 6 7 ~  and the  rad ioac t iv i ty  measured by mixing l m l  of t he  ex t rac t  with 

a toluene-based s c i n t i l l a t i o n  counting f l u i d  and counting i n  a Packard 

Tri-Carb Spectrometer. The separate tritium and carbon counts were de te r -  

mined by adjust ing the  t x o  channels f o r  optimal separation of t h e i r  count- 

ing e f f i c i enc ie s ,  using in t e rna l  standards,  and by simultaneous equations'. 
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I n  ea r ly  experiments only one dose (300r) w a s  used; a f t e r  the  irradi- 

a t ion  one s e t  of control and i r r ad ia t ed  cu l tures  were incubated with lpc/ml 

H 3 T 9 ,  a t  6.7c /m~ (0.036pg/d) and the  other  s e t  with lpc/ml H 3 TdR, a t  

incorporation of H 3 TdR i n t o  DNA of cu l tures  incubated with higher concen- 

100mc/mM (2.4pg/ml). Typical r e s u l t s  i l l u s t r a t e d  i n  Table I show t h a t  

t r a t i o n s  (lower specif ic  a c t i v i t y )  of thymidine was l e s s  suppressed by 

the  i r r ad ia t ion  than cul tures  incubated with t h e  high spec i f ic  a c t i v i t y  

material .  

Lajtha , who showed a s imilar  e f f e c t  with a s c i t e s  tumor c e l l s ,  i n  v i t ro .  

However, fu r the r  work using C 14  guan,ine, a low spec i f i c  a c t i v i t y  

Thus our r e su l t s  seemed t o  agree with those of Hell, Berry and 
4 -- 

material (3mc/mM), ' f a i l ed  t o  confirm the  r e s u l t s .  

a t  a concentration of 1Opg/d (0.22pc/d),  more than enough t o  swamp any 

This t r a c e r  w a s  used 

pool e f fec ts ;  yet  it yielded r e s u l t s  similar t o  high spec i f ic  a c t i v i t y  ' 

H3TdR. 

Eagle 's  medium was prepared a t  a volume su f f i c i en t  f o r  all flasks i n  the  

experiment (20 DFAF-33 cu l tures ) .  

Therefore, double l abe l ing  experiments were performed, as follows: 

C 14  -guanine w a s  added t o  give 0.22pc/ml 

and H'TdR (a t  6 .7c/m~) t o  give lpc/ml. 

two pa r t s ,  and t o  one p a r t  w a s  added 4pg/ml unlabeled thymidine, e f f ec t ive ly  

The medium was then divided i n t o  

reducing the  H'TdR specif ic  a c t i v i t y  i n  t h i s  medium t o  60mc/m. Four 

cu l tures  each were i r rad ia ted  with 200r, 800r, 1600r, 32OOr, and four  

served as sham-irradiated controls .  Two of each of t he  four  cu l tures  of 

each t r ea txcz t  here incz3ated f o r  one hour with the  mdiun  containing the  

t r a c e r  amount of H 3 TdR and t h e  remainder with t h e  medium containing 4pg/ml 

14 
thymidine. The r e su l t s  a r e  shown i n  Figure 1. In  each case the  C -guanine 
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r e s u l t s  p a r a l l e l  the  H 3 TllR r e s u l t s  reasonably well. However, both t r a c e r s  

exhib i t  l e s s  X-ray-induced inh ib i t i on  with the  medium containing 4pg/ml 

thymidine. 

Tne clue t o  the  r e a l  basis of t h i s  e f f e c t  i s  found i n  t h e  comparison 

of t he  Cl4 spec i f ic  a c t i v i t i e s  i n  the  control  cul tures .  

t r a c e r  amount of thymidine the  spec i f ic  a c t i v i t y  of 

twice t h a t  i n  the  ser ies  with kpg/ml thymidine. 

Fischer have demonstrated t h a t  thymidine, i n  r e l a t i v e l y  high concentrations,  

i n h i b i t s  the rate of DNA synthesis  i n  mouse tumor c e l l s  i n  cu l ture ,  and we 

have shown the  same e f f ec t  i n  HeLa and DFAF-33 . 
here it i s  apparent t ha t  t h i s  e f f e c t  of thymidine i s  such t h a t  it masks some 

I n  the  s e r i e s  with 

of cont ro ls  i s -over  

Morris, Reichard, and 
5 

6 
From t he  r e s u l t s  presented), 

I 

of the e f f ec t s  of X-radiation on the  DNA synthesizing system by de t rac t ing  

from t h e  pa r t  of r a t e  depression contributed by the  s teep component of the  

X-ray dose-response curve1 Guanine, on the  other hand, apparently does not 

5 

i 

a f fec t  DNA synthesis ra te .  

Such r e su l t s ,  a l s o  observed with HeLa S3 cul tures ,  i l l u s t r a t e  t h a t  

radioisotopic  compounds of low spec i f i c  a c t i v i t y  must be checked t o  assure  

t h a t  the  necessar i ly  high concentrations of metabolites a re  not a f fec t ing  

the system under study. These experiments a l so  underscore the  value of 

using several  doses i n  radiobiological  invest igat ions.  

ROBERT B. PAINTER 
ROITALD E. RASMUSSEN 

Excibiology Division 
National Aeronautics and Space Administration 

Ames Research Center, 
Moffett Field,  Cal i fornia .  
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TABLE I 

EFFECTS OF 3001- X-RADIATION ON INCORPORATION OF HIGH SPECIFIC 

A C T M T Y  H3TdR (6700mc/m~) AND LOW S P E C I F I C  A C T M T Y  

H3TdR (lOOmc/mM) INTO HELA S3 DNA 

Specif ic  Act iv i ty  
of 

Tracer Material  
m c / a  

6700 

100 

XCROl 
" T - Y  

Specific Act ivi ty  
CPmli-43 DNA 

Control I r r ad la t ed  

313'15 

29-5 
+ 

$ Depression 

39 

17 



Figure 1. Influence of thymidine content of l a b e l l i n g  medium on the  

dose-response of DFAF-33 DNA synthesis  t o  X-ray. One s e r i e s  contained 

0.036~g/ml thymidine (HSA H3TdR), the  other  4.036pg/ml thymidine 

(LSA H3TdR). Both se r i e s  contained the  same $$guanine content (lOpg/ml, 

3mc/mM) and the  same tritium content (lp.c/ml, as H 3 TdR). 
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